Purpose: This article reports the user-oriented evaluation of a text-and content-based medical image retrieval system. User tests with radiologists using a search system for images in the medical literature are presented. The goal of the tests is to assess the usability of the system, identify system and interface aspects that need improvement and useful additions. Another objective is to investigate the system's added value to radiology information retrieval. The study provides an insight into required specifications and potential shortcomings of medical image retrieval systems through a concrete methodology for conducting user tests.
Introduction
Images are an essential part in medical diagnosis and treatment planning. They are produced in quickly increasing quantities and also in with an increasing variety. Radiologists are often overloaded with the large amount of diagnostic images produced in hospitals that need to be read, and the ever-increasing number of image details (thin slices, temporal series, higher resolution) can put stress on the radiologist due to information overload. This creates risks to miss important structures or potential problems in the images. The medical literature often available on the Internet is also an important resource of visual medical information. However recent studies report that search for radiology images fails one out of four times [1] . The rapid growth of visual information available both in variety and quantity dictates the need for systems that facilitate quick access to relevant information. Medical information retrieval systems need to be able to handle real information scenarios in order to have an impact in radiology.
Much of the knowledge stored in images is little exploited at the moment because direct access to the visual image information (that is, the information that is contained in the visual content of the image represented by visual features) is rarely possible. Content-based image retrieval (CBIR) uses the visual content (such as shape, color and texture) of images or image regions as positive and negative examples to retrieve other images or cases that are related. Over the past 15 years, CBIR has been considered promising for assisting information search in the medical field and several systems have been developed [2] [3] [4] [5] [6] . However, most systems were rather technology-driven and very few applications have reached the end users for routine use or were integrated into the clinical workflow [7] .
User-centered design (UCD) [8] has been used for several decades in industry [9] [10], but also in medical applications [11] . A few aspects of UCD have also been used for CBIR [12] . The concept behind this approach is to guide a system's design and development by investigating use case requirements and user feedback to improve the product's usability and the user experience. The key elements of UCD are described in the ISO (International Standardization Organization) standard for the human-centered design for interactive systems (ISO 9241-210, 2010) [13] .
The first step in UCD of software applications includes investigation and understanding of the user requirements in order to identify the general design directions [14] [15] . User-centered evaluation is an important part of UCD in the early stages of the development [16] and needs to be seen as an iterative process throughout the development cycle [10] [11] .
The assessment is often performed in the form of empirical usability tests in a number of target users to interact with the system in a lab environment or in a natural setting. Usability of the system is assessed with factors such as learnability, efficiency, effectiveness, memorability and satisfaction [16] . A survey on common usability testing techniques and tools is presented in [17] . The main methods for conducting such tests include thinking aloud execution of tasks, direct or recorded observation of the interaction, survey forms and log analysis. A more detailed description of aspects that need to be taken into account when designing a usability test is given in [18] .
The number of users required for conducting user tests is another important aspect when designing a usability test. Early studies have reported that a single individual is not able to detect all usability problems but that 3-4 users are sufficient [19] . In [20] it is suggested that 5 users are enough, while other studies disagree, highlighting the need for larger user tests [21] [22] . The exact number of participants remains an open question, though in [23] it is proposed that 5 participants are indeed enough for each iteration of an iterative user-centered evaluation.
In this article a round of the user-centered evaluation of the Khresmoi 1 search engine is presented. This system aims at assisting general practitioners, the general public and radiologists in accessing trustable biomedical information. These three target groups have different search behavior, goals and information needs. Thus, the system is divided into subsystems, designed to correspond to the requirements of the target groups. Following the same concept, usability tests were designed and conducted separately, concentrating on domain-specific research questions.
This study focuses on the tests of the 2D image search prototype of the Khresmoi system that is designed to be used by radiologists. The system combines text and CBIR search for finding and navigating through scientific biomedical articles and the images they include. The prototype design is based on the investigation of the image use behavior of radiologists [1] . The backend of the system is based on the Parallel Dis-tributed Image Search Engine (ParaDISE) first used in [24] and the front end uses the ezDL interface [25] .
The general research questions that the evaluation tries to answer are:
• Does the Khresmoi system improve current search for information in radiology (which is mainly patient-centered or using Google on the Internet for general information needs)?
• Does it cover finding answers to unmet information needs and to what extent are these covered?
• Which functionalities are more useful and which tools need to be improved, changed or added?
Materials and Methods
The system under evaluation was designed to respond to information needs of radiologists related to search for images and cases in the medical literature on the Internet. Therefore, an interface inspired by the state-of-the-art medical image and literature search engine interfaces [26] [27] served as a basis for the system prototype (see Figure 1 ). The user-oriented evaluation process followed an iterative approach. Pilot user tests were performed to evaluate the basic aspects of the interface and the system functionalities [31] . This also helped detecting flaws of the user tests design and refining the study protocol. The study protocol was written down in a document and all persons involved in the tests (including the pilot test participants) discussed the text to make each test as independent as possible of the actual observer. In order to investigate the research questions described in the introduction, the following aspects were taken into account:
1. Success rate of information finding by radiologists using the Khresmoi system.
2. Time to find relevant information.
3. User satisfaction of the system performance.
4. Usability of the system.
Missing useful functionalities in the current version of the system.
The user satisfaction refers to the participant's opinion and emotions regarding the interaction with the system. Usability is connected to the ability to perform tasks in a straightforward way.
In this user study, the methods to acquire the above mentioned evaluation aspects needed to be decided upon. The final selection of methods, after being refined by the preliminary step of pilot user tests, is presented below:
• Participants were asked to perform information retrieval tasks for which at least one of the results is known. Therefore aspect number 1 could be evaluated.
• The time taken to fulfill each task was measured. This included formulating the query, inspecting the results and selecting the first relevant result. This method evaluated aspect number 2.
• Participants were asked to fill in a questionnaire about their experience when using the system. This allowed evaluating user satisfaction (aspect number 3) and detecting usability problems found by the participants. Questions were included that requested feedback and propositions for system improvement (aspect number 5).
• Participants were observed and video recorded while using the system (based on a signed informed consent that no one rejected). Possible system flaws or usability problems that were not consciously detected by participants were identified through this technique (aspect number 4).
Session outline
The user tests were conducted in the format of several one-to-one sessions, one participant performing the tasks and one observer present to facilitate the user test. The details of the session were also refined after the pilot tests by including and removing tasks, as well as modifying the time limitations. The final session outline is presented below:
1. Introduction to the Khresmoi project, the existing search system and the user test goals (5 minutes).
2. Tutorial video on the system tools and functionalities (5 minutes).
Demographic survey (5 minutes).
4. Introductory task, simple use of the tools (5 minutes).
Guided user tests in clear scenarios (30-40 minutes).
6. Survey on the satisfaction with the tools and functionalities (10 minutes).
7. Free possibility to use the system (5+ minutes).
8. Survey on the satisfaction with the system, free discussion (10 minutes).
The standardized introduction given by the test facilitator had as goal to help the participant understand the concept of the system and motivate to perform the test seriously. Then, the video demonstration of the system introduced the tools offered by the application. The introductory task was introduced after the pilot user tests because the video tutorial alone did not contain enough information for the user to get familiar with the tools available and the ways of using them. Throughout the session, the participant was being observed to identify potential shortcomings of the system. The observer was instructed to have a neutral attitude and was allowed to help only when the participant was blocked and could not proceed with a task. In order to limit the bias introduced by different observers, the test supervisor discussed with the test facilitators to define their role and their interaction with the participants precisely (e.g. in which cases they could assist the participant and what their observations should be focused on). Moreover, most of the tests were run in parallel sessions of three with the same person supervising the observers, to make sure that the protocol was strictly followed.
Task design, description and datasets:
During each session, the user was requested to perform several information seeking tasks. The design of the tasks took into account that they need to use most of the system tools and functionalities and cover the information needs of the target user group. They had to describe realistic scenarios that appear in clinical and academic workflows. Depending on the tasks different data sources were required. For this reason, the ImageCLEF2012 medical data set was used [28] . This data set contains more than 75,000 articles
from PubMed Central open access journals and more than 300,000 images that are figures included in these articles. It represents a relatively realistic source for a medical literature search and especially for an initial test on the system's scalability and performance.
Two groups of information retrieval tasks were used: Three 2D image search tasks and two article search tasks. A subset of the ImageCLEF2012 medical image-based and case-based retrieval task topics was used respectively. The topics for the image-based task were selected after the log analysis of queries to a radiology image search engine [15] . Case-based topics consisted of cases included in an educational database [28] and each topic consisted of a description of the case and several images associated with the case. The guided scenarios of the user tests were based on these information retrieval tasks and included use of the various tools of the system, such as query-by-text, query-by-image-example, the personal library, the tray and others.
An example of the description of an image search task in its final form including query images is shown in Figure 2 . 
Session setup and tools used
The setup of the session included hardware and software preparation but also training sessions of the observer to get familiar with the recording tool and the study purpose. The hardware used in each session included two Windows-based computers one for the participant and one for the observer. The Khresmoi client was downloaded to the participant's computer and the recording software was installed on both computers. For observation and recording, the commercial software Morae 2 was used. The Morae software allows screen and face video recording of the participants and also remote online observing on a different computer. Upon start, Morae guides the user through the steps of the session, having all additional material, such as survey forms, task descriptions and instructions integrated and displayed on the participant's computer screen. All of the survey answers, observer notes and recordings are saved in digital format, compatible with commonly used statistical packages for result analysis and presentation.
Three survey forms were used in this study. The initial demographics survey form was used to get information on medical experience and computer use of the participants. Finally, survey forms were used to evaluate the tools and the user satisfaction with the system. A combination of modified versions of the System Usability Scale (SUS) [29] and the Questionnaire for User Interaction Satisfaction (QUIS) [30] was used for the user satisfaction and usability survey forms. Open questions for providing comments on specific aspects of the system and suggestions for improvements were added. To get preliminary answers to the research goals, questions about the novelty, usefulness and intention of use of the tools were included.
At the end of each session the files containing the recordings, the answers to the surveys and the observer's notes were acquired and analyzed. The details of preparing, setting up and running a session were added into the study protocol document to ensure the reproducibility of the user tests.
Results
Two rounds of user tests were run in this study at the University Hospitals of Geneva and the Medical University of Vienna. The first set was a pilot user study to identify main system bugs and inconsistencies of the study protocol [31] . A next round of full user tests followed with a larger number of participants.
The participants in the full tests are radiologists that volunteered to test the system. There was no overlap between participants in the pilot study and the full user tests.
Eleven persons (3 females, 8 males) participated in the full user test round. This number does not include
the participants in the pilot user study and the interviews. They were all below 40 years old, with seven of them being below 30 and three between 31 and 35. Four persons were interns (participants 6, 7, 9 and 10), four were residents (participants 3, 5, 8 and 10), one associate professor in radiology (participant 1), one attending radiologist (participant 2) and one medical doctor with no specific radiology background (participant 11). Among the radiology specializations (participants could choose more than one field) the most common was thorax (3), radio oncology (3) and bone (2) while other chosen fields were echocardiography, neuroradiology, cardiac, pediatric, general and emergency radiology. All of the participants reported frequent computer use (more than once a day) and search for medical information (7 reported more than once a day, 3 once a day and 1 once a week).
In two cases the participants did not perform all the tasks or answered all the questions due to technical difficulties, related to Internet being temporarily blocked in the hospital and recording software crashes and restarting. This resulted in 31 performed image search tasks out of 33 (11 participants × 3 tasks) and 19 article search tasks out of 22 (11 participants × 2 tasks).
The success rate was 87% (27/31) for image search tasks and 79% (15/19) for article search tasks. A task was considered successful if the user found at least one relevant result in the given time limit. A task was considered unsuccessful if the user could not find a relevant result in the time available (5 minutes for image search tasks and 7 minutes for case-based retrieval tasks).
The average time for finding the first relevant result during the image search tasks was 106 seconds.
Again, this time included choosing image examples, investigating the results and judging a result as relevant. It includes only the cases when a relevant result was found. For case-based retrieval tasks the respective mean time was 150 seconds.
The mean number of results selected as relevant was 4 for the image search tasks and 3.1 for the casebased search. These numbers also include the cases for which no relevant results were found by the user.
The mean and standard error of the mean of the retrieval times and the selected results number for each task are presented in Figure 5 . User satisfaction over specific system aspects and on the general use experience was measured using the answers on the survey questions on a Likert scale (where 1 was the lowest opinion and 5 was the highest), as can be seen in Figure 6 . The full questionnaires are available in Appendix A. Figure 7 presents the mode for all the grades given by each participants. It is given as a qualitative measure of the general satisfaction of each participant as it removes extreme scores. For example, a mode of 4 or 5 indicates that the participant was satisfied with the majority of the aspects of the system usability. No common demographic variable could be found on participants ranking the system low (participants 2, 6 and 10). o results presentation and views; images should be presented in a grid as default and articles as lists.
• Backend o complaints were mentioned about CBIR returning many non relevant results; non relevant marking did not produce the desired results in modifying the query outcomes;
o modality filtering was requested for more focused search; o propositions were made about finding articles using images only or using example articles as queries ("Find similar articles").
The raw comments of the users are available as supplementary material in the online version of the paper as well as in [33] .
Discussion
Lessons learned: pilot study
The pilot study was the first iteration of the user-centered evaluation, so focus was given on evaluating the user test design as well. It was found that the inclusion of a guided tutorial task after the video for the full user test protocol helped the users to feel comfortable with the system faster. The guided tutorial asked the user to perform very simple tasks using the tools in a first phase ad then corrected potential mistakes or difficulties. The use of a commercial recording and observation software such as Morae provides results in a unified digital format that is easy to transfer to statistical packages, to analyze and present in a meaningful way. On the other hand, the use of such a tool increases the hardware and software requirements and is prone to software crashes. Regarding the system, the users expected the system to give results that would correspond more to the keywords they entered in the query than to the image example.
More detailed information about the pilot study's results can be found in [31] .
Full user tests
The overall success in finding relevant images (87%) using the Khresmoi 2D image search prototype indicates an improvement over the percentage (~75%) reported in [1] on the image finding success rate of radiologists using existing tools. It should be noted that the results reported in [1] are based on selfassessment of the radiologists answering a survey and that users tend to overestimate their Internet use capabilities [32] . Case-based retrieval was shown to be a more challenging task (79% success rate), which was expected taking account empirical evaluation results [24] .
The average time in the successful tasks for the participants to find a relevant result was less than 3 minutes for both types of tasks (1 minute 46 seconds for image retrieval and 2 minutes 30 seconds for article retrieval). This is also below the average estimated time reported in [1] (between 5 and 10 minutes) and indicates an added value in terms of time efficiency when using the Khresmoi system. Retrieval times can strongly vary as depicted in Figure 5 , depending on the task. Other reasons may be the users' medical and computer experience. For the case-based retrieval tasks participants were not directly instructed to use images as queries. Some participants used the associated images only to investigate the case and not as query examples, querying using keywords as they are currently used to.
Results show that users were in general satisfied with the response time of the system ( Figure 6 ). For text queries this means a response time of less than a second and for queries using image examples the time could be slightly above two seconds depending on the query. The reliability of the system was given a neutral median (3 with a range from 2 to 5). This can be due to the fact that the prototype while relatively stable had still a few minor bugs and inconsistencies also in the similarity ranking.
The quality of the results showed signs of improvement compared to the pilot study. A reason for this can be the modifications on the mixed text and visual retrieval ranking done before the full user test round.
Another factor that must be taken into account is that the participants in the full user tests were in general more experienced with radiological analysis and used more advanced text queries. This resulted in more relevant documents and images returned by the system. However, results quality was still the weak point of the system and potential causes were identified. First, the CBIR performance was again mentioned to be returning many irrelevant results and users requested retrieved images to be of the same imaging modality as the query example. Another reason seems to be that the data set of biomedical images used contained only a small percentage of radiology images, limiting the retrieval performance of the radiologyrelated tasks.
In terms of user satisfaction with the presentation of the results, the feedback provided by the pilot study seems to have worked in a positive way. As requested, additional text information was included in the result list view and query terms were highlighted in the text. The users seemed to find the system novel and useful in practice giving a positive to strongly positive grade to this aspect (median of 4.5, with only one participant giving a grade below neutral). This was particularly encouraging, considering that the system is still in development and usefulness can be hidden by usability dissatisfaction. The activity that participants see as a likely area of use was academic work, which is along the design purposes. Eight radiologists out of eleven gave a mode above neutral over the global satisfaction aspects, as presented in Figure 7 . This shows that the majority of the participants retained a positive or strongly positive attitude towards the proposed tools.
Much feedback was given by the participants in the open questions, post-test discussions and spoken comments while performing the tests. Some participants confirmed the outputs of the pilot user study while many new comments and propositions were introduced. On the graphical user interface aspect, the main comments were related to the image use, either requesting basic image manipulation features (which was also identified in the pilot tests but was not yet implemented for the full tests) or were about the image inconsistencies (e.g. drag and drop not being available for all views, detail views not being available for query images, non relevant marking being non-intuitive). Advanced text querying seemed to not be straightforward and several participants either used advanced queries or at least asked about the availability. These facts may indicate that a more comprehensive interface would be useful for radiologists.
Overall, the system's concepts were appreciated, such as the connection of articles and images and the indexing of trustful sources. An improvement over the results quality would result in a system with even more practical use. Moreover, even though most of the tasks were successfully performed, the quantity and quality of resources returned in several scenarios was considered insufficient. More information and raw data on the user centered evaluation of the full Khresmoi radiology system, which includes also 3D image search and radiology report information exists in [33] .
Study limitations
Radiologists Moreover, because of the early stage in the system development and the low number of participants, no testing was performed to compare the system with other current solutions.
Conclusion
User-oriented design and evaluation is necessary for developing applications that correspond to realistic information needs and can have an impact on medical practice. Moreover, an iterative approach can provide more diverse results on the system usability evaluation.
Results show that young radiologists quickly feel comfortable in using new search tools, such as CBIR, relevance feedback and querying using complex statements. CBIR, despite its shortcomings in describing high-level concepts with simple visual features, can complement and improve text-based retrieval. Together with relevance feedback, it can facilitate quick query reformulation. The option to be able to filter by specific medical image modality is often desired by radiologists. Grid representation of results with relevant text information seems to be preferred to vertical lists.
Several other points can also be addressed easily. Filtering by modality or image type can already filter out all non-radiology images to avoid having results of non-relevant image types. Separation of compound figures could also assist in avoiding mixed images in the results. The lack of relevant images can also be due to the limited representation of radiology journals in the 300'000 images chosen in the tests.
The full PubMed set of 1.7 million images of 700'000 articles can also help in this aspect, as a larger database will have more relevant images and articles for the sometimes quite specific aspects. Currently, the retrieval system concentrates on 2D image search but an integration of clinical viewing of 3D image volumes and then a search for related medical articles would be even more useful from a clinical perspective.
Future work
The results of this study are useful as additional specifications for medical image retrieval system design and assist in avoiding potential pitfalls. Insights into the methodology for conducting meaningful usercentered evaluations are also provided in this text, so it should facilitate the creation of similar studies.
The feedback obtained will guide future development of the Khresmoi system and all the points mentioned above are in the process of being addressed. Another round of tests for user-centered evaluation of the final Khresmoi system for radiologists is planned. Such an iterative approach can help bringing research prototypes much closer to real usefulness in clinical routine. Finally, a user test in the clinical environment could be performed to also measure the impact of a good retrieval system on diagnosis quality.
